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L'athérosclérose est une maladie progressive qui peut débuter durant l'enfance et
s'aggraver en vieillissant. De nos jours, les chercheurs ne l'étudient plus comme une
maladie focale caractérisée par des symptômes produits par des sténoses mais plutôt
eomme une maladie systémique typifiée par des dysfonctions endothéliales et par
l'inflammation.
La tomographie d'émission par positrons (TEP), utilisée avee le fluorodésoxyglucose
(FDG), est une technique d'imagerie non invasive qui fournit des images tomographiques
de l'activité glycolytique dans les athéromes. Cette recherche a demandé une étude
répétée de la consommation de FDG dans l'aorte et les artères iliaques et fémorales chez
des personnes âgées en utilisant l'imagerie TEP-FDG. Ce projet a impliqué trois groupes
distincts de sujets âgés. Aussi, il incluait l'utilisation de la rosuvastatine pour le
traitement de l'hypercholestérolémie. La technique de la TEP-FDG a permis de détecter
une augmentation des niveaux d'inflammation artérielle durant les 12 mois de l'étude.
L'analyse quantitative par TEP-FDG serait efficace pour localiser l'inflammation et
évaluer sa progression durant le processus de l'athérosclérose.
Mots-clés :




Atherosclerosis is a progressive disease that may start in childhood and aggravate while
aging. Nowadays, researchers have shifted their studies from a focal disease whose main
mark is symptoms caused by stenosis to a systemic disease typified by endothelial
dysfunction and inflammation. The positron émission tomography (PET) used with
fluorodeoxyglucose (PDG) is a non-invasive imaging technique that provides
tomographic images of glycolytic activity in the atheroma. This investigation involved a
repeated study using FDG-PET imaging to assess PDG uptake in aorta, iliac and fémoral
arteries in elderly subjects. The project implicated three distinctive groups of elderly
subjects. Also, it included the use of rosuvastatin for the treatment of
hypercholesterolemia. The FDG-PET was able to detect the increase in the level of
arterial inflammation through the 12 months of study. The quantitative analysis with
FDG-PET could be efficient in the loealization of the inflammation and évaluation of its
progression during the atherosclerotic process.
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1. INTRODUCTION
One of the most known processes in medicine is that of atherosclerosis (Virmani
et al., 2002). Within time, its définition bas undergone several changes. In 1958, the
World Health Organization (WHO) defined atherosclerosis as a static and mechanical
process which consisted in the deposits of lipids and other blood substances within the
intima layer of large and médium size arteries, which eventually produced an occlusion
of the artery and altération of the blood flow (Giral, 1998). However, nowadays, a new
revolutionary concept bas emerged. The normal endothelium is a single-cell lining
covering the internai surface of blood vessels, cardiac valves, and numerous body
cavities (Verma & Anderson, 2002). The vascular endothelium is a metabolically active
organ System that helps maintain vascular homeostasis (Koh, 2008). As a major
regulator of local vascular homeostasis, the endothelium maintains the balance between
vasodilatation and vasoconstriction, inhibition of the prolifération and migration of
smooth muscle cells, prévention and stimulation of the adhésion and aggregation of
platelets, as well as, thrombogenesis and fibrinolysis.
The altération of this vascular homeostasis is known as the multifaceted disorder:
endothelial dysfunction. In général, endothelial dysfunction includes three main
characteristics: the tendency to vasoconstriction, a proinflammatory state and
protrombotic properties. Endothelial dysfunction bas been implicated not only in
atherosclerosis but also in other pathophysiological processes which include heart and
rénal failure, coronary syndrome and intravascular coagulation, among others (Félétou
& Vanhoutte, 2006). However, it is well known that this process is associated with the
promotion of the early stages of the atherosclerotic process (Verma & Anderson, 2002).
Nowadays, a global définition of atherosclerosis bas evolved. It simply defines
the atherosclerotic process as the resuit of the combination of endothelial dysfunction
and a chronic inflammatory cascade. This new concept implicates three main processes;
tissue destruction, lympho-monocyte infiltration and tissue prolifération (Hoffman et al.,
2007) (Figure 1).
Smooth muscle cens










Figure 1. Three main processes involved in the new concept of atherosclerosis
(modified from Hoffman et al., 2007).
In other words, atherosclerosis is considered as a dynamic and progressive
process with différent stages. The Committee on Vascular Lésions of the Council on
Arteriosclerosis, American Heart Association, described atherosclerosis in six main
structural lésions (Stary et al., 1995). Type I lésions contain enough atherogenic Low-
density lipoprotein (LDL) molécules to provoke an increase in the number of
macrophages and the formation of foam cells. Type II lésions consist primarily of layers
of foam cells and include lésions nominated as fatty streaks. The type III lésions contain
collections of extracellular lipid droplets and particles that disrupt the cohérence of some
intimai smooth muscle cells. This extracellular lipid is the immédiate precursor of the
larger, confluent and more disruptive core of extracellular lipid that characterizes type
IV lésions. Type V lésions usually have a lipid core containing a thick layer of fibrous
connective tissue. Finally, type VI lésions have also a thick lipid eore but with fissures,
hematomas and thrombus (Stary et al., 1995).
In a brief biochemical explanation, the earliest stage involves the endothelial
dysfunction proeess. Triggered by the exposure of the endothelium to tumultuous flow
pattems, especially at vascular bifurcations and points of vessel angulation, the
endothelial eells are activated and aequire adhesive properties, among them, the
expression of the adhesive molécules such as the VCAM-1 (vascular cell adhésion
molécule- 1) and lCAM-1 (intercellular adhésion molécule- 1). Consequently, the
inflammatory proeess emerges. The reeruitment and migration of inflammatory eells,
such as, monocytes into the intima layer takes place. Aller monocytes adhéré to the
endothelium, chemokines produced in the underlying intima stimulate them to migrate
through the endothelial jonctions and into the subendothelial space towards the intima
layer (Gu et al., 1998). At their arrivai, they mature into macrophages or monocyte-
derived macrophages. These transformed monocytes express the macrophage colony-
stimulating factor (M-CSF) which enables them to ingest lipids and tum into foam eells,
eharacteristic of the early-stage of atherosclerosis. As the inflammatory proeess
perpétuâtes, the activated macrophages and intrinsie arterial eells are able to release
fïbrogenic mediators, including a variety of peptide growth factors, that promote
replication of smooth muscle eells and enable these eells to elaborate a dense
extracellular matrix eharacteristic of an advanced atherosclerotic lésion. These
macrophages are also capable of producing proteolytic enzymes whieh dégradé the
collagen in the plaques' protective fibrous cap, making it thinner, fragile, and vulnérable
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Figure 2. Stages of atherosclerosis (modified from American Heart Association, 2008).
In général, atherosclerotic plaques are classified into two main types depending
on its composition: stable and unstable plaques. The first type, the stable or low risk
plaque, bas a thick fibrous cap, a small lipid core, primarily smooth muscle cell
infiltration and a relatively benign and less prone to thrombotic complications. The
unstable, vulnérable or high risk plaque is characterized by a thin fibrous cap, a large
lipid core, a prépondérance of inflammatory cells, in its majority macrophages and a
relative lack of vascular smooth cells which makes the vessel prone to rupture (Virmani
et ai, 2002). Several plaque characteristics, including the size of the plaque, thickness of
the fibrous cap and lipid core, as well as the degree of plaque inflammation, are related
















Figure 3. Structure of the stable and unstable atherosclerotic plaques (modified from
Virmani, 2002).
As mentioned before, inflammation within the atherosclerotic plaque is a
déterminant factor for the plaque stability. Its measurement bas been proposed to be a
reliable marker to estimate the plaque rupture. Plaque rupture and subséquent thrombotic
occlusion of coronary vessels account for up to 70 % of sudden coronary deaths. Thus,
early détection of high-risk plaques may offer a novel target for détection and treatment
of patients at high risk for coronary events (Hoffman et ah, 2007). This inflammatory
process implicates an active recruitment of monocytes/macrophages into the intima
layer. As a conséquence, the measurement of this metabolic activity within the plaque is
a creditable indicator of its inflammatory state. At présent, varions research groups have
tumed their investigations towards the functional imagery to measure the plaque
metabolism and try to estimate the risk of rupture. These new investigations implicate
the use of the positron émission tomography (PET) imaging associated with the
fluorodeoxyglucose (FDG) molecule.
2. CHARACTERIZATION OF ATHEROSCLEROSIS
Atherosclerosis and its complications in the heart, brain, and lower limbs become
more common with advancing âge. Cardiovascular disease (CVD) is the most important
médical challenge in aging. The most common cause of death in adults is heart disease,
mainly ischémie, and the third most common cause of death is stroke, which is also the
most common cause of severe disability in adults (Garcia-Garcia et al., 2011). In
Canada, according to the Public Health Report in 2010, it is estimated that 8 million
Canadians have some form of CVD. In addition, CVD represents the first cause of death,
being the most important ones: the ischémie cardiopathy and the cerebrovascular
accidents (Rapport sur l'état de santé publique au Canada, 2010). In the province of
Quebec, the last report of the Quebec Statistical Institute in 2009, announced that a
strong proportion of the Quebec population declared living with a cardiac disease in
comparison to the rest of the Canadian population (5.1% to a 4.6 %, respectively). More
interesting, this same report, mentioned that the prevalence for cardiac diseases has
decreased in a significant manner in the rest of Canada between the years 2003 and 2005
which was not the case for the province of Quebec (Cazale et al, 2009). This is an
important health fact to take in account.
Nowadays, the most used methods for the screening of vulnérable plaques both
in the research and clinical domains consist on two main groups; the inflammatory
biomarkers and the imagery techniques (Packard et al., 2007). Inflammatory biomarkers
include adhesive molécules such as ICAM-1, the messenger cytokine IL-6 (interleukin
6) and acute phase reactants such as C-reactive protein (CRP) (Ridker et al., 2002).
ICAM-1 is expressed by endothelial cells in response to inflammatory cytokines. It
participâtes in the adhésion of neutrophils to the endothelium in the inflammatory
cascade. It has been demonstrated that subjects with plasma levels of ICAM-1 in the top
quartile of normal had an 80% higher risk of developing a myocardial infarct. On the
other hand, the IL-6 is a cytokine with a wide variety of biological fonctions. The most
important fonction is that of a potent inducer of the acute phase response. Nowadays, it
is known that increased levels of IL-6 are a consistent risk factor for cardiovascular
events. Conversely, CRP is an acute phase reactant activator of the classical complément
cascade and mediator of phagocytosis. Data from multiple large-scale prospective
studies demonstrate that CRP strongly and independently predicts adverse
cardiovascular events (Packard et. al., 2007). Researchers had concluded that more
investigations had to be done to verify the ICAM-1 and IL-6 results. In the case of the
CRP, its rôle in atherosclerosis is still controversial. Since ail inflammatory biomarkers
assays are performed in blood plasma, they quantify systemic inflammation. They
cannot localize and/or quantify inflammation at a spécifie anatomical site or région.
The quantitative tomographic imaging has the potential to non-invasively
détermine the site and the characteristics of the inflammation. Several techniques,
tomographic and non-tomographic, have been proposed for such imaging (Naghavi et
al., 2001), (Fayad et al., 2001). In the clinical practice, vascular imaging such as the
intravascular ultrasound (IVUS), X-ray angiography (XRA), computed tomography
(CT), and magnetic résonance imaging (MRI) are able to provide good anatomic
information about the status of the vascular wall and vascular lumen (Wenning et al.,
2011). The most used imagery techniques are the IVUS and the XRA. The IVUS, an
invasive procédure performed along with cardiac catheterization, is an imagery
technique which consists in a catheter incorporating a miniature transducer and a
console to reconstruct and display the images (Garcia-Garcia et al., 2011). The
transducer is threaded through the coronary arteries and, using ultrasound, produces
detailed images of the interior walls of the arteries. In général, it can identify plaque
constituents such as calcification, fibrous tissue, thrombus, plaque tears, fractures or
dissection. In other words, this technique is only able to describe the level of stenosis or
occlusion of an artery in correspondence to the wall thickness. Unfortunately, it has a
minor use in determining the instability of the plaque and its subendothelial components
(Métro Health Heart & Vascular Center Intravascular Ultrasound, 2011).
On the other hand, XRA is also considered an invasive imagery technique. It
consists in the use of X-rays and a spécial dye to acquire artery images (Diagnostie
Imaging Pathways, 2009). In brief, the procédure consists in inserting a catheter into an
artery at the groin or arm, guiding it to the area of investigation and injecting the dye
through the catheter. The most used dye is iodine-containing contrast médium (ICCM).
The risks associated with an ICCM injeetion are mostly anaphylactic reactions (allergie
reactions). Allergie reactions are usually unpredictable. Occasionally, a kidney function
réduction may occur. This generally occurs in patients who already have a reduced
amount of kidney function and other risk associated factors. The radiologist is able to
see the outline of the blood vessels and identify any blockage or other irregularities
(Hoffman et al., 2007). Although irregular coronary lumen suggests plaque burden, this
technology bas significant limitations for nonstenotic plaque détection, including lack of
data regarding the vessel wall and composition of the plaque (Hoffman et al., 2007).
These techniques predominantly détermine the level of arterial stenosis according
to the thickness of the atherosclerotic plaque. Most of these structural imaging
techniques have inherent limitations; in particular, they are limited in their ability to
detect inflammatory plaques (Chen et al, 2009). Consequently, they cannot estimate the
risk of plaque rupture. In summary, these diagnostic tools can identify coronary artery
disease with high sensitivity; their specificity to predict individual outcomes and future
cardiovascular events remains limited. They are unable to differentiate vulnérable
rupture-prone plaques from stable plaques even in symptomatic patients, because many
vulnérable plaques do not necessarily lead to high-grade stenosis. Around 50% of
cardiovascular events resuit from low-degree stenosis-diameter narrowing of the vessel
(Wenning et al, 2011). On that account, this condition constitutes a shortage for an
opportune prévention of atherosclerotic complications. Thus, an idéal image modality
should be able to identify the vulnérable arterial bed noninvasively and, therefore,
prevent the serions complications of atherosclerosis (Chen et al, 2009).
At présent, varions research groups have tumed their investigations towards the
functional imagery, to measure the plaque metabolism and try to estimate the risk of
rupture. Molecular targets and inflammatory cells accumulating in atherosclerotic
plaques are therefore in the focus of research (Wenning et al, 2011). These new




PET is a noninvasive, molecular technique with capabilities based on isotope
radioactive properties which are used as molecular probes to visualize and measure
biochemical processes in vivo (Pennell et al., 1996). It is a technique based on the
détection of small amounts of positron-emitter-labeled biological molécules. In other
words, PET is based on the détection of very small (picomolar) quantities of biological
substances which are labeled with a positron emitter. These positron labeled substances
have certain advantages: the high specificity (molecular targeting) and the capacity to
maintain the performance of the radiotracer using a biological active substance. That is,
the main process is preserved and not affected during the measurement.
Nowadays, the FDG-PET is the gold standard for oncological purposes,
especially for the détection of metastatic disease. In addition, it is also used for
cardiologie purposes. A myocardial PDG uptake may suggest an adéquate reaction to
myocardial revascularization. Currently, the FDG-PET technique bas been suggested as
a possible biomarker of metabolic activity in atherosclerosis, identifying symptomatic
lésions and monitoring the response of atherosclerosis to therapy. It is a molecular
imaging technique that is highly sensitive to metabolically active processes using
glucose as a fuel (Rudd et al, 2010). In short, the PDG molecule mainly consists of the
combination of a radioisotope, the 18-Fluorine isotope and the deoxyglucose molecule.
The 18-Fluorine molecule provides the radioactive properties while the deoxyglucose
molecule penetrates the cells as the analogue of glucose (Figure 4).
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Figure 4. Structure of the 18-Fluorodeoxyglueose molécule.
However, the most important quality is its metabolic property. The FDG is an
analogue of glucose, meaning it bas similar metabolic properties as tbat of glucose. It
bas the eapaeity to accumulate in many organs like the brain, beart and liver, reflecting
pbysiological glucose consumption, but also, even in a bigber rate, by cells participating
in tbe inflammatory proeesses. Tbis pbenomenon can be explained by an increased
glucose requirement of granulocytes and macrophages needed to power cellular motility
and pbagoeytosis. Macrophages, wbicb play a major rôle in tbe development and
progression of atberosclerotic disease/plaques, use glucose as a major substrate,
particularly under anaerobic conditions, wbicb are predominantly présent in
atberosclerotic plaques (Wenning et al., 2011).
Tbus, glucose is tbe major substrate for macrophages résident in tbe plaque.
Glucose transport is via two classes of transporters: facilitated glucose transporters
(GLUT) and sodium glucose co-transporters (Wright et al., 2007). FDG directly
competes witb glucose for uptake into metabolically active cells, using tbe same GLUT
transporter proteins. Monocyte aetivation leads to an increase of GLUT 1, 3 and 5
expression and intracellular bexokinase stimulation. Tbe cellular uptake of FDG is
12
mediated by the GLUTs 1-4 and GLUT 6 being the most prévalent types in nearly ail
tissues (Wenning et al., 2011). It is then phosphorylated to FDG-6-phosphate by the
hexokinase enzyme but cannot be metabolized further and thus accumulâtes within the
cell. Therefore, accumulâtes within cells in direct proportion to their metabolic activity.
This phenomenon is referred to as metabolic trapping. This trapping process is very
advantageous for the imaging as a unique scan at a given time after the radiotracer
injection corresponds to the FDG uptake. Activated macrophages have about 10 times
higher levels of hexokinase activity than non-activated cells. FDG can theoretically
escape from the cell by dephosphorylation. It can be dephosphorylated by glucose-6-
phosphate, but this enzyme is not greatly expressed outside skeletal muscle and the liver,
and so this effect is considered negligible in atherosclerosis (Reivich et al., 1985). The
FDG uptake of any cell is thus determined by several factors: the expression of GLUTs
through the cell membrane, the activity of the hexokinase enzyme and the rate of FDG
dephosphorylation. Macrophages play an active rôle in the atherosclerotic plaque.
Glucose uptake of macrophages is significantly higher than that of neighboring cell
types (Bjomheden et al., 1999), (Mayr et al., 2008), (Leppanen et al., 2006). Compared
with quiescent cells, activated macrophages show an increase expression of GLUT type
1 and type 3 receptors, along with hexokinase (Newsholme et al., 1986). FDG uptake is
therefore a function of macrophage density and activation, GLUT transporter
expression, hexokinase activity and dephosphorylation (Joshi et al., 2011).
Hyperglycemia must be taken in considération. High levels of glucose decrease the FDG
consumption; therefore, diabetes mellitus must be well surveyed. Because of a direct
compétition of glucose and FDG for cellular uptake, FDG accumulation is attenuated
during hyperglycemia. As a conséquence, it is crucial to aim for a normal glucose level
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before the radiotracer injection and through the imaging session. As an overall, the
FDG-PET can detect and localize inflammatory changes in the arterial wall, which may
represent early stages of atherosclerosis (Ben-Haim et al., 2004), (Zhuang et al, 2002)
(Figure 5).
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Figure 5. Metabolism of the FDG molecule (modified from Wenning et al., 2011).
3.2. PET imagery and atherosclerosis
Few studies have been made conceming this new imagery approach. The first
preclinical studies were documented in the late 90's. Animal studies have shown no
measurable FDG uptake in the normal vessel wall, but that FDG is taken up by the
inflammatory cells, predominantly the macrophages, in the atherosclerotic plaque
(Andrews et al., 2004). Animal studies use primarily rabbit and mice models.
Vallabhajousla et al. were the first to document that FDG can accumulate in
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atherosclerotic lésions of hypercholesterolemic rabbits and that this quantity corresponds
to macrophage concentration (Vallabhajousla et ah, 1996). Ogawa et al. showed in a
rabbit modcl that the FDG uptake is strongly corrclatcd (r = 0.81, p < 0.0001) with
plaque macrophage content (Ogawa et al., 2004). Tawakol et al. demonstrated a very
strong corrélation (r = 0.93, p < 0.002) between FDG uptake into atherosclerotic régions
and plaque macrophage content, and showed that, the most inflamed areas of plaque
accumulation have almost 20 times more FDG than control arteries (Tawakol et al,
2005). On the other hand, in mice models, using both atherosclerotic and wild type mice,
it has been shown that aortic FDG uptake increased with atherogenic diets (Zhao et al.,
2008). Laitine et al. showed that the uptake of FDG was significantly higher in the
isolated aorta of LDLR/ApoB48 double knockout mice compared with control mice
(Laitine et al., 2006). In overall, these animal research studies back up the présomption
that the metabolic signal coming from the atherosclerotic plaque is the conséquence of
macrophage présence.
Atherosclerosis imaging with FDG-PET has been demonstrated across multiple
vascular beds, sinee the first clinical prospective study was published in 2002. These
include the carotid, vertébral, aorta, iliac, fémoral and popliteal arteries as well as the
coronary circulation. FDG uptake in the arterial wall was first noted incidentally in the
aorta of patients undergoing PET imaging for cancer staging (Yun et al., 2001). In a
brief chronological history of the clinical studies that had used the
FDG-PET/CT to evaluate atherosclerosis, we mention that the first human prospective
study was that of Rudd et al. (Rudd et al., 2002). They measured increased carotid artery
FDG uptake in eight symptomatie lésions of patients with recent transient ischémie
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attacks (TIAS). They found a 27% greater FDG uptake in plaques suspicious for causing
ischemia in comparison to asymptomatic carotid plaques. In another clinical study, the
same researchers demonstrated an increase in the FDG absorption of the vertébral
arteries in patients with a posterior territory stroke (Davies et al. 2005). Consecutively,
in the year 2006, a group of researchers investigated using the FDG-PET/CT whether
simvastatin atténuâtes plaque inflammation (Tahara et al., 2006). Their results showed
that in fact, the FDG-PET/CT evidenced plaque inflammation and simvastatin effect. It
revealed 117 and 123 FDG-positive plaques in the statin and diet groups, respectively.
Simvastatin, but not diet alone, attenuated plaque FDG uptakes (p <0.01) (Tahara et al.,
2006). Tawakol et al. studied 17 patients with severe carotid artery stenosis who
underwent FDG-PET before carotid endarterectomy (Tawakol et al., 2006). The extent
of carotid FDG uptake and plaque inflammation measured by CD68-immunostaining for
macrophages showed a strong corrélation (r = 0.96, p < 0.001) (Tawakol et al., 2006). In
addition, a bigger study with 100 patients was performed again by Tahara et al. Their
main objective was to détermine the prevalence of carotid FDG uptake in ail the
participants including those who underwent carotid ultrasound imaging. In their results,
they concluded that 25 % (12 of 41 patients) of patients with observable carotid
atherosclerotic plaques showed an incrément in FDG uptake whereas only 10% (6 of 59
patients) of the participants with no observable plaques had an increase in the FDG
uptake (Tahara et al., 2007). In the same year, Rudd et al. tested the capacity of a short-
term reproducibility of FDG-PET imaging of atherosclerosis. They concluded that the
interscan plaque FDG variability over 2 weeks was minimal (Rudd et al., 2007).
Afterwards, Paulmier et al. evaluated the additional information of FDG arterial uptake
with respect to other conventional cardiovascular risks factors and arterial calcifications
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in patients with stable cancer. In their results, they reported old and récent
cardiovascular events were signifieantly more fréquent in the high-FDG uptake group
than in the low-FDG uptake group (48 % vs. 15 %, respectively [P=0.0006] and 30% vs.
1.8%, respectively [P=0.0002]). They concluded that extensive arterial FDG uptake
might be an indicator of an evolving atherosclerotie process and should be mentioned in
PET/CT reports (Paulmier et al., 2008). Subsequently, Wasselius et al. tried to assess the
atherosclerotie plaques in an asymptomatic population classified based on âge and sex.
In short, their results showed that there was a high corrélation between the total number
of cardiovascular risk factors and the number of FDG-accumulating active plaques as
well as the number of calcified inactive plaques. Also, they evidenced a significant
différence in the number of plaques between ail age-groups exeept for active plaques in
âge groups 60-70 and 80-90 years. So as an overall, they concluded there is a corrélation
between the number of cardiovascular risks and the number of FDG-aceumulating
atherosclerotie lésions in the patients' material (Wasselius et al, 2009). Rudd et al.
explored how atherosclerotie plaque inflammation varies across différent arterial
territories and how it relates to arterial calcification. The main results conceming these
objectives were positive. They found a string association between FDG uptake in
neighboring arteries (left vs. right carotid, r = 0.91 ,P<0 .001; ascending aorta vs. aortic
arch, r = 0.88, p < 0.001). Also, that calcification and inflammation rarely overlapped
within arteries (carotid artery FDG uptake vs. calcium score, r = -0.42; p=0.03). They
eoncluded that inflammation in one territory is associated with inflammation elsewhere
and the degree of local arterial inflammation is reflected in the blood levels of several
circulating biomarkers (Rudd et al., 2009). Rominger et al. also evaluated the
association of arterial FDG uptake and calcifications in large arteries as detected by
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FDG-PET/CT with the subséquent occurrence of vascular events in otherwise
asymptomatic cancer patients. In brief, they concluded that in their study population,
mainly of cancer patients, there was an increase in the FDG uptake in major arteries
which appeared as the strongest predictor of subséquent vascular events. Incidental
severe calcifications seemed to contribute into a singular high risk (Rominger et al.,
2009). Rogers et al. tested the hypothesis that FDG uptake within the ascending aorta
and left main coronary artery (LM), measured using PET, is greater in patients with
récent acute coronary syndrome (ACS) than in patients with stable angina. They
concluded that this study showed that in patients with récent ACS, FDG accumulation is
increased both within the culprit lésion as well as in the ascending aorta and LM. Their
results suggest that the inflammatory activity is présent in the atherosclerotic plaques in
the acute coronary syndromes (Rogers et al., 2010). The most recent study accomplished
by Folco et al. lights up a polemic within the nature of FDG uptake. It created a debate
between the rôle of pro-inflammatory cytokines and the présence of hypoxia in the
consomption of FDG by the cells. This study investigated the régulation of glucose
uptake in cells that participate in atherogenesis to gain mechanistic insight into the origin
of the FDG uptake signais observed clinically. They exposed cells to conditions thought
to operate in an atheroma and determined rates of glucose uptake. The authors
concluded that hypoxia, but not pro-inflammatory cytokines, potently stimulated glucose
uptake in human macrophages and foam cells. Immunohistochemical study of human
plaques revealed abondant expression of proteins regulating glucose utilization,
predominantly in macrophage-rich régions of the plaques—régions previously proved
hypoxic. Glucose uptake and, probably, FDG uptake signais in atheroma may reflect
hypoxia-stimulated macrophages rather than mere inflammatory burden. Cytokine-
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activated smooth-muscle cells also may contribute to the FDG signal (Folco et al.,
2011).
It bas been described that inflammatory plaques from larger arteries can also be
detected by FDG-PET. The FDG uptake is usually identified in différent segments of the
large arteries, including the carotid arteries, ascending aorta, aortic arch, descending
thoracic aorta, and abdominal aorta, as well as the iliac and fémoral arteries. Dunphy et
al., for example, reported that FDG uptake is more common in the aorta, compared with
the coronary and carotid arteries, and is most prévalent in the proximal aortic arteries
(Dunphy et al., 2005). Ben-Haim et al. also found that 31% of the patients in their study
had an increased FDG uptake in the large arteries (Ben-Haim et al., 2004). In addition,
Tatsumi et al. found FDG uptake in the thoracic aorta of 59% of patients (Tatsumi et al.,
2003).
Until now, the PET imagery has been designated to evaluate metastatic disease in
oncological conditions. It is also use in cardiology to evaluate the adéquate myocardial
revascularization. Since the 1990's, investigators have focused in new applications for
the PET imagery. These new approaches implicate the use of the PET imagery to assess
arterial inflammation within the atherosclerotic process. The objective is to develop
more effective stratégies to facilitate the early diagnosis of vulnérable plaques in the
arterial tree and avoid future or récurrent cardiovascular events. Most of the studies
elaborated so far include rétrospective data, young patients with cancer, cardiovascular
diseases or other inflammatory processes, limited amount of arteries, and short periods
of study. As a resuit, additional studies with différent methodological designs are needed




The first clinical study published on this subject was in the year 2002 (Rudd et
al., 2002). This domain bas been recently approached and bas still a broad range of
investigation yet to be aebieved. Untii now, few longitudinal studies involving an elderly
population witb tbree différent groups of subjects and tbree main arteries bave been
explored. Consequently, tbe question emerges, is it possible to quantify tbe level of
arterial inflammation using tbe FDG-PET/CT imaging? Tbe goal of tbis study is to
verify tbe use of tbe FDG-PET/CT imaging to measure arterial inflammation in order to
evaluate tbe risk of cardiovascular events. Tbe researcb project spécifie objectives are
tbe following:
1. Déterminé tbe corrélation between tbe levels of inflammation determined by tbe
FDG-PET/CT imaging and tbat determined by biocbemical analysis.
2. Evaluate tbe changes in inflammation after 12 montbs of intervention.
5. RESEARCH PROJECT (ARTICLE)
Tbe présent article bas as objectives to describe, explain and exbibit tbe results of
tbe researcb project, assessment of inflammation in large arteries witb 18F-FDG-PET in
elderly. Tbis investigation involved a repeated study using FDG and PET/CT imaging to
assess FDG uptake in aorta, iliac and fémoral arteries in elderly subjects. Tbe project
implicated tbree distinctive groups of elderly subjects eacb witb its spécifie
cbaracteristics. Also, it included tbe use of rosuvastatin for tbe treatment of
bypercbolesterolemia. As well, two FDG-PET measurements, 12 montbs apart, were
obtained to calculate SUV values. Tbe significant différences between tbis SUV values
estimated changes in arterial inflammation witbin tbe spécifie group of subjects and
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artery. Ail as a way to verify if this quantitative analysis obtained from FDG-PET/CT
imaging could be efficient in the localization of artery inflammation and évaluation of its
progression in the atherosclerotic process.
The article was submitted to the Computerized Médical Imaging and Graphies
Journal in September E* 2012.
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Abstract
This paper présents repeated measurements of atherosclerosis using bimodality positron
émission tomography and computed tomography (PET/CT) with 18F-
fluorodeoxyglucose (18F-FDG) to assess its uptake in aorta, iliac and fémoral arteries in
three groups of elderly subjects classified as normal (N), hypercholesterolemic (H) and
with stable angina (A) in a 12 month follow-up. The subjeets in group H were taking
rosuvastatin (20 mg/d) for 12 months before the second scan. The calcifications in the
arteries were determined by CT imaging and the artery PET images were analyzed slice
by slice. The standard uptake values (SUV) for 18F-FDG uptake were classified in two
main groups: calcified and non-calcified arteries and each main group comprises six
sub-groups for the three subject groups N, H and A, and for the two measurements 12
months apart. Although the calcifications were présent at some portions of the arteries in
ail the subjects (23%, 36% and 44% of calcified sites to total sites analyzed respectively
in groups N, H and A), the results show the most noticeable SUV changes were after 12
months in group N of non-calcified arteries (P=0.046). However, there were no
significant changes following rosuvastatin in group H. In conclusion, the quantitative
analysis with 18F-FDG-PET/CT could be efficient in the localization of inflammation
and évaluation of its progression in atherosclerosis instead of global évaluations with
systemic inflammatory biomarkers.
Key words:
Positron émission tomography, 18F-Fluorodeoxyglucose, Inflammation,
Atherosclerosis, Large arteries, Aging.
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1. Introduction
Atherosclerosis is responsible for a large proportion of cardiovascular diseases (CVDs),
which are the leading causes of mortality in the world. In 2008, ont of the 17.3 million
cardiovascular deaths, heart attacks were responsible for 7.3 million deaths and strokes
were responsible for 6.2 million deaths [1]. Atherosclerosis is an inflammatory process
which affects médium and large blood vessels. In the arteries, the vascular endothelium
is a metabolically active organ system that helps maintain vascular homeostasis and it is
comprised of organized cells [2-4]. High levels of low-density lipoproteins and their
oxidation with free radicals raises the permeability of the endothelium to lymphocytes
and monocytes. The monocytes engulf these attracted particles and form macrophages
that resuit in the création of atheromatous plaques and arterial stenosis. Stroke and heart
attack are the conséquences of these plaque ruptures. Several factors are known to
contribute to atherosclerosis among them hypercholesterolemia, high saturated fat diets,
hyperglycemia, insulin résistance, hypertension, obesity, aging, smoking and air
pollution [3, 5].
Inflammation is présent in ail stages of the atherosclerotic process, from initiation to
plaque rupture. Several biomarkers are currently used to measure inflammation, the C-
reactive protein (CRP), CD40 ligand, adiponectin, interleukin 18, and matrix
metalloproteinase 9 [5]. CRP, which is a protein synthesized in the liver, is actually the
most utilized biomarker for systemic inflammation [5-7]. It was reported that CRP
concentration decreases by 15-50% with statin therapy [2]. Since assays with CRP are
performed in blood plasma, the détection is not appropriate to locate and quantify the
site of arterial inflammation.
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The quantitative tomographic imaging has the potential to non-invasively déterminé the
site and the characteristics of the inflammation. Several techniques, tomographic and
non-tomographic, have been proposed for such imaging and most of these are reviewed
[8, 9]. The imaging modalities currently reported in the literature are the X-ray
angiography (XRA), intravascular ultrasound (IVUS), computed tomography (CT),
magnetic résonance imaging (MRI) and radionuclide imaging. These modalities provide
good anatomic information mostly identify luminal diameter or stenosis, wall thickness
and plaque volume [8, 9].
X-ray angiography, as the gold standard method and having high spatial resolution,
provides measurements of the stenosis, irregularities in luminal surfaces, plaque
disruption, thrombosis and calcification, while many lésions not detected by
angiography cause the majority of acute coronary syndromes [8, 10-13]. IVUS, in which
a small ultrasound transceiver mounted on the end of a catheter is introduced into a
vessel, provides direct imaging of atheroma and can provide tomographic images of the
entire plaque and vessel wall, allowing for visualization of calcified and non-calcified
plaques with many degrees of stenosis [7, 14-16]. However, its widespread use in
clinical practice may be partially limited by its invasive nature [9, 17]. Since non-
enhanced CT scan can image materials with différent densities, this modality is
appropriate to locate and quantify calcifications in arteries. The grade of the calcification
is assessed by Agatston score which is based on the calcification intensity in Hounsfield
units (HU) and its volume [11, 18, and 19]. Imaging atherosclerosis with magnetic
résonance (MR) uses several techniques. The advantage of MR is its ability to provide
soft tissue and functional information by exploring proton density, perfusion, diffusion.
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and biochemical contrasts in addition to the high resolution for anatomical information.
Contrast enhanced MRI bas been successfully used to image angiogenesis, thrombosis
and to characterize the plaque vulnerability [4, 8]. Although the above described
imaging technologies are able to quantify the extent of disease in terms of luminal
obstruction and visualization of some plaque elements, anatomic imaging falls of
providing information of metabolic processes taking place in plaques [20]. In
radionuclide imaging, many radiotracers bave been developed in the last 20 years, based
on several molécules and cells involved in atherogenesis to image atherosclerotic lésions
or to detect the thrombus associated with these lésions [19]. These include lipoproteins
(native low-density lipoprotein (LDL) and oxidized LDL), immunoglobulins against
macrophages, smooth muscle cells, and endothelial adhésion molécules [9]. Detailed
description can be found in reference [19].
Positron émission tomography (PET) used with 18F-fluorodeoxyglucose (18F-FDG) is a
molecular imaging modality that measures glycolytic activity in normal and diseased
tissues. It was utilized to assess inflammation in atherosclerosis. In a study with patients
having Takayasu's arteritis, it was shown that 18F-FDG was taken up by the
inflammatory cells in the artery, while after successful treatments, the vessel wall
showed no measurable 18F-FDG uptake [21]. Therefore as a functional imaging
modality, 18F-FDG-PET can detect and localize inflammatory changes in the arterial
wall, which may represent early stages of atherosclerosis. In addition, the systemic
distribution of atherosclerosis can be determined by performing a whole body I8F-FDG-
PET imaging non-invasively within a short period of time, then using the semi-
26
quantitative technique standardized uptake value (SUV) to quantify the degree of
atherosclerotic activity.
It was reported an increase of 18F-FDG uptake with âge in peripheral arteries [22] and
in arterial wall distinctly from the calcification [23, 24], Joly et al. reported that aortic
inflammation assessed with 18F-FDG-PET is associated with variation in aortic stiffness
[25]. Tahara et al. reported that inflammation was measured by 18F-FDG-PET in 30%
of patients confirmed with carotid atherosclerosis [26]. Tawakol et al. found in a study
of carotid plaque inflammation with 18F-FDG-PET a signifieant corrélation between
18F-FDG signal and macrophage staining from histologie sections and that 18F-FDG
uptake did not correlate with plaque volume [27]. Other works confirmed the sélective
18F-FDG uptake in a variable degree of inflammation in the atherosclerotic plaques [28-
31], while Meirelles et al. observed that inflammation in atheroma is a waxing and
waning process as assessed with the varying 18F-FDG uptake [32]. Conceming the
treatment, Tahara et al. showed a decrease of 18F-FDG uptake after a three-month
treatment with simvastatin in atherosclerotic patients [33] and about the imaging time,
Menezes at al. reported that there is no advantage to image 18F-FDG later than one hour
after injection [34].
This study was aimed to investigate the use of PET/CT to locate and quantify artery
inflammation in normal, hypercholesterolemic and with stable angina subjects and to
déterminé the sensitivity of PET measurements to differentiate inflammation between
these patients. The three groups were imaged twice with PET/CT, twelve months apart.
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Arterial inflammation was assessed by measuring SUV in aorta, iliac and fémoral
arteries.
II. Materiais and methods
A. Study population
We prospectively recruited a total of 10 elderly subjects, 6 maies and 4 females with
âges 65-85 years (in fact we recruited 24 subjects but several dropped their second scan
and for some the PET data were rejected because there were uncertainties due to
abdominal movements during the scanning). Three groups were assembled in this study:
healthy or normal (N, n=4), subjects with hypercholesterolemia (H, n=4) and subjects
with stable angina (A, n=2). Because the progress of atheroselerosis non-uniformly
affects some portions of the aorta, iliac and fémoral arteries, we analyzed 53 artery
segments in normal, 45 in hypercholesterolemic and 34 in subjects with stable angina.
The results and the statistics are reported for these segments. The normal had a normal
electrocardiography, normolipidemia and no clinical history of atheroselerosis. Subjects
presenting hypercholesterolemia were recently recognized with this condition at our
center and were not under médication for hypercholesterolemia before their recruitment
in the study. The group with angina was clinically under treatment for recent (<6
months) stable angina. Ail subjects were no smokers, not taking antioxidants, vitamin
suppléments or hormonal replacement for women, and not having excessive alcohol
consumption. After recruitment, hypercholesterolemic subjects were treated with
rosuvastatin (20 mg/d) during 12 months. Subjects with stable angina were taking their
own médication during the study without our intervention.
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B. Biochemical analyses
On the moming of each PET measurement, after an ovemight fasting, ail the subjects
had blood drawn from a peripheral vein for the measurements of glucose, total
cholestérol, triglycérides, LDL, high-density lipoprotein (HDL) and CRP. Two blood
samples were taken, one at TO (at the initial PET/CT scan) and the second one at T12
(12 months later at the second PET/CT scan) to measure plasma glucose.
C. Imaging techniques
The subjects were measured with a PET/CT (Philips Gemini TE) 12 months apart. The
subjects fasted for at least 6 h prior to imaging to assure a normal glucose level. The CT
scan was conducted first then the subjects were injected with an 18F-FDG bolus of 140
to 400 MBq depending on the subjects' weight and the PET scan was initiated in
dynamic mode for 30 min. A 20 min additional stationary scan was further taken. The
arteries scanned were the aorta, iliac and fémoral.
The dynamic scans were divided into 26 image frames of 12 x 10 sec; 8 x 30 sec; 6 x
240 sec and the PET and CT images were co-registered. The images were analyzed slice
by slice to target several portions of the arteries. Using the CT images as référencé,
artery images in each transaxial slice of the PET images were manually delimited by
régions of interest (ROI) and their time-activity curves (TAC) were produced. The CT
images were also examined for the presence of calcified plaques in the walls of the same
arterial segments and the segments were classified in two groups as calcified and non-
calcified. The SUV was assessed as the mean of the last four data points in the time
activity curve of each région of interest on the artery, divided by the injected radiotracer
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activity and normalized to the subjects' body surface area. The body surface area was
assessed as BSA=V ((weight xheight) ^3600) [35].
D. Statistical analyses
AU statistieal analyses were made with GraphPad Prism 5. Variables were expressed as
mean ± SD. Student t tests were used to détermine the significance of the différences
between the values of the biocbemical parameters and between SUV values. P values of
less than 5% were considered statistically signifieant.
III. Results
Subjects were clinieally stable and asymptomatic when blood samples and PET/CT
measurements were performed. Subjects' baseline characteristics are reported in Table
1. During the 12 month follow-up period, there were no signifieant changes in the
overall elinical characteristics except for total cholestérol and LDL levels. We observed
that rosuvastatin significantly decreased the levels of total cholestérol and LDL (p=0.001
and p=0.0007, respectively) in the hypercholesterolemic group.
18F-FDG uptake was observed to be présent in ail artery segments of ail subjects even
those with calcifications as shown in Fig. 1. These images (Fig. 1) were taken from a
subject in group H in coronal and transaxial slices of CT and corresponding PLT images
summed over the entire measurement time. Fig. 2 présents a transaxial image slice from
a normal subject of non-calcified aorta during whole scan (top-left image), during early
100 sec (bottom-left) and during 4 min at 26 min after 18F-FDG injection (top-right).
The image at later scanning time shows no or very slight radiotracer aetivity in the aorta,
indicating that possibly this segment is normal.
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The analysis with SUV was assessed by grouping the aorta, iliac (left and right) and
fémoral (left and right) data as sub-groups for calcified and non-calcified and also for TO
and T12 for follow-up. The mean values and standard déviations of the SUVs are
reported in Fig. 3 and in Table 2. In comparing TO and T12, only the non-calcified
arteries in the normal group were found significantly différent (p=0.046). Because SUV
dépends on subjecfs weight and height and on the injected 18F-FDG aetivity, the
uncertainties on these parameters contribute to the variation in the SUV values. In order
to reduce these variations, we normalized the artery uptake of I8F-FDG (last 4 frames)
to the total artery TAC the results are displayed in Fig. 4. Again, the only significant
differenee was found in the normal group between TO and TI2 for non-calcified arteries
for the SUV. The ratio of ealcified to total analyzed artery segments didn't change
between TO and T12. They were 23%, 36% and 44% respectively in groups N, H and A.
By Computing the mean intensities in Hounsfield units in the CT images of the ealcified
arteries at TO and T12, we observed no démarcation of the means at T12 (224.I3±I22.0I
HU) relative to those at TO (230.27±111.59 HU) (Fig. 5). Technieally, it was not
possible to compare TO and TI2 for the same artery segment in the same patient due to
inhérent misplacement of subjects in the same position for the two scans.
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Table 1. Baseline characteristics of subject groups. The columns of P values are to
compare TO and T12 in each group of subjects.
Parameters N (3 women, 1 man)
TO T12
P<0.05 H (3 men, 1 woman)
TO T12
P<O.OS A (2 men)
TO T12
P<O.OS
Age (years) 69.5±4.5 70.5±4.5 68.75±4.57 69.75±4.57 69.5±2.12 70.5±2.12
Weight (kg) 67.0±4.06 67.8±5.1 ns 78.3±10.28 77.7±11.37 ns 87.6+32.3 86.9±32.6 ns
Glucose
(mmoi/l)




5.38+0.48 5.75±0.46 ns 6.56±0.71 4.38±0.45 P=0.0010 3.59±0.68 3.29+1.13 ns
LDL
(mmol/l)
3.43±0.61 3.64±0.47 ns 4.54±0.6 2.39±0.46 P=0.0007 1.91±0.58 1.59±0.67 ns
HDL
(mmol/l)
1.34±0.34 1.38±0.39 ns 1.33±0.26 1.31±0.16 ns 1.22±0.16 1.18±0.44 ns
Triglycérides
(mmol/l)
1.22+0.17 1.61+0.67 ns 1.52+0.83 1.49±0.47 ns 1.02+0.27 1.16±0.02 ns
CRP (mg/l) 2.89+0.21 3.05+0.01 ns 3.00±0 3.07±0.15 ns 3.8±1.13 11.9±12.5 ns
Glucose, HDL, Triglycérides and CRP différences were not signifïcant (ns) between the three groups.
Total cholestérol and LDL différences were signifïcant between the three groups.
Fig. 1. Images of calcified aorta (arrow) of the same slices from CT (left) and PET
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Fig. 2. Images of a non-calcified aorta. Top-left: image from 30 min. Bottom-left: image
from early 100 sec. Top-right: image from 4 min measured 26 min after 18F-FDG
injection showing no or very slight radiotracer activity in the ROI. Bottom-right; time-
activity curve of the aorta ROI as indicated by arrow.
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Fig. 3. SUV values for artery segments grouped from normal subjects (NO and NI2),
from subjects with high levels of cholestérol (HO and H12), and from subjects with
stable angina (AO and A12). The indices 0 and 12 represent the measurements at the
initiation of the study and 12 months later, respectively. The first 6 values represent
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calcified arteries and the last 6 values represent non-calcified arteries. The data were
obtained from transaxial image slices. The circles in each group indicate the mean SUV
values. The number above each column indicates the number of artery segments
included in the analysis.
Table 2. SUV values. Only non-calcified arteries in the normal group were found
Groups SUV P<0.05
TO T12
Calcified N 1.80 ±0.34 2.06±0.79 ns
Calcified H 1.86±0.26 2.07±0.36 ns
Calcified A 1.83±0.25 1.86±0.24 ns
Non-calciried N 1.10±0.77 2.21 ±0.42 P=0.046
Non-calcified H 1.61 ±0.27 2.16±0.52 ns
Non-calcified A 1.50±0.23 1.65±0.17 ns
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Fig. 4. SUV values with the data calculated with the ratio of the last four frames (16
min) normalized to the whole TAC amplitude. The data appears with less variation in
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Fig. 5. Mean pixel intensity of calcified arteries, ROIs from CT images for TO (o) and
T12 (T) in ail subjeets. It was net possible to compare TO and T12 for the same artery
segment in the same patient due to misplacement of subjeets in the two scans. There is
no apparent rise of T12 values with respect to TO values.
IV. Discussion
We evaluated the presence of vaseular 18F-FDG uptake in 10 elderly subjeets: normal,
hypercholesterolemic and others with stable angina using PET/CT as a marker of
vaseular inflammation. This imaging technique provides safe, fairly widespread, non-
invasive combined morphological and functional imaging modalities by which the entire
subjeet may be examined in less than 1 h. The corrélation of 18F-FDG uptake and
atherosclerotic inflammation has been previously demonstrated in animal and human
studies. Studies in humans show that 18F-FDG uptake correlates strongly with plaque
inflammation [23]. There are, however, some technical aspects to be considered when
using 18F-FDG-PET/CT to detect atherosclerotic high-risk plaques. Subjeet movement
resulting in a shift of the body position between the PET and CT registration may
introduce corrélation errors in the PET images and lead to misalignment in the merged
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images that may hamper the image assessment. By associating PET and CT imaging, we
were able to corroborate that 18F-FDG accumulâtes in abdominal aorta, iliac and
fémoral atherosclerotic plaques, with higher uptake in the normal group with non-
calcified arteries (P=0.046). Rural et al. showed that the prevalence and intensity of 18F-
FDG uptake in large arteries generally increases with âge [22],
Even though rosuvastatin induced a significant réduction in total cholestérol and LDL
levels in the hypercholesterolemic group, there was no significant différence between
the SUV values for TO and T12. We can deduce that arterial inflammation remained
unchanged throughout the 12 months of follow-up. According to the Stellar study, which
compared the efficacy and safety of rosuvastatin with other well-known and used statins,
rosuvastatin is more efficient in reducing plasma LDL cholestérol [2, 33]. In addition, in
that same study and others, rosuvastatin also produced significantly better réductions in
total cholestérol compared with other statins [33, 36, 37]. Statins exert their benefits
through the inhibition of the novo cholestérol synthesis, resulting in significant
réductions in plasma low-density lipoprotein cholestérol (LDL-C). It remains
controversial whether LDL-C lowering is the only mechanism for the observed
bénéficiai effects. Many LDL-C independent pleiotropic effects have been postulated
[38]. One of them is atténuation of inflammation because statins have been shovm to
decrease systemic inflammatory markers [39]. Tahara et al. suggested the anti-
inflammatory effect of simvastatin on atherosclerotic plaques may be one of the
pleiotropic effects independent of LDL-C lowering [33]. They concluded that 18F-FDG-
PET visualizes plaque inflammation and simvastatin attenuated it. We note that the
patients studied in the work of Tahara et al. have différent health problems and were
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scanned for cancer diagnoses. Our results do not demonstrate a decrease of 18F-FDG
uptake in hypercholesterolemic subjects only treated with Rosuvastatin during 12
months. More emphasis should be made on the number of subjects, the scanning
duration and the analyses by other means than SUV in order to confirm these results. As
Chen et al. demonstrated âge and hypercholesterolemia are correlated consistently with
18F-FDG uptake in the abdominal aorta, iliac and fémoral arteries [40]. The positive
corrélation between arterial 18F-FDG uptake and cardiovascular risk faetors such as âge
and hypercholesterolemia suggests a promising rôle for 18F-FDG-PET imaging in the
détection of atherosclerosis and évaluation of plaque inflammatory activity [40].
The SUV, which is commonly employed for assessing disease activity with PET
imaging, can provide quantitative information about the severity of the inflammatory
process in the arterial wall even before it is clinically symptomatic or visible by
structural imaging techniques [40]. In the présent work, we used dynamic imaging
acquisitions during 30 min. We hypothesize that the inflammation accumulâtes 18F-
FDG radiotracer at its first circulation and thus after 30 min, the contrast is well
established in the arteries. Since the SUV dépends only on the amplitude of the signal in
the images, there would be no necessity of imaging for longer time. Menezes et al.
reported similar conclusions after studying sean lengths [34].
Quantification of 18F-FDG uptake in arteries is more efficient as the absence of visible
calcifications on CT images does not mean absence or presence of inflammation.
Assuming there are no drastic différences of partial volume effect (PVE) on the différent
arteries and neglecting the noise in the artery images with partial calcification, the SUV
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values in the abdominal aorta, iliac and fémoral arteries were interpreted as
inflammation for higher SUV values and as healthy or dominated by calcification for
lower SUV values. In the latter case, CT images can help to décidé.
V. Conclusion
18F-FDG-PET/CT imaging helps visualizing and assessing inflammation in calcified
and non-calcified aorta, iliac and fémoral arteries. The quantitative analysis of 18F-
FDG-PET/CT could be efficient in the localization of the inflammation and its
progression to help guide appropriate treatments. Rosuvastatin may have an anti-
inflammatory effect on atherosclerotic plaques independent of LDL-C lowering effects.
However, a dose of 20 mg/d of rosuvastatin for 12 months was not observed to lower
18F-FDG uptake in hypercholesterolemic subjects while their total cholestérol and LDL
levels were reduced. In the group of elderly normal, the data showed a significant
increase of I8F-FDG uptake after 12 months, suggesting the effect of inflammation. In
this group, 23% of the analyzed artery segments were found to have calcifications.
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6. DISCUSSION
Atherosclerosis is provoked by plaque deposits in the inner layer of the blood
vessels. Clinicians require new methods to evaluate the condition of the arterial plaque.
In recent years, the rôle of inflammatory mechanisms involved in atherosclerosis has
been the main support in identifying the new markers for atherosclerosis. Studies have
shown that FDG is taken up by macrophages in the atherosclerotic plaque, as a resuit,
FDG-PET imaging can detect and delimitate inflammatory changes as well as quantify
the degree of atherosclerotic activity in the arterial wall (Rudd et al., 2007). This type of
quantitative tomographic imaging has the potential to non-invasively déterminé the site
and the characteristics of the vascular inflammation.
Following these principles, the main objective of this research was the
characterization of the vascular inflammatory plaque in healthy, hypercholesterolemic
and with stable angina elderly subjects in the aorta, iliac and fémoral arteries using the
FDG-PET/CT imaging. As well as déterminé the sensitivity of PET measurements to
differentiate inflammation between these patients. Most of the studies donc until now
have investigated this subject in rétrospective data and in separated contexts. Most of the
patients studied have been young subjects with cancer or other inflammatory processes.
Some patients included in those studies had spécifie characteristics as stenotic and/or
symptomatic carotid lésions or recent TIAS. Nearly ail of the research included FDG-
PET imaging of only one or two main arteries. Furthermore, until now, the only statin
use to investigate atténuation of vascular FDG uptake has been simvastatin. Moreover,
the period of study has been short, less than a year.
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This thesis sets in evidence the viability and utility of the FDG-PET imaging in
atherosclerotic assessment in an elderly population. The study départs from an original,
recent database that represents three main types of subjects: healthy,
hypercholesterolemic and with stable angina. The study includes elderly patients with a
broad âge interval form 65 to 85 years old. The arteries studied were main medium-large
arteries which included the abdominal aorta and the two iliac and fémoral arteries.
Rosuvastatin, the most efficient statin in reducing lipid levels (Jones et ah, 2003) and
possibly also an anti-inflammatory molecule (Ridker et al., 2001), was administered to
the hypercholesterolemic subjects. The total follow-up for the entire study was of 12
months.
Each group of patients represented a différent level of arterial inflammation. The
healthy group had no clinical or physical signs of atherosclerosis and was not consuming
any type of prescribed and non-prescribed médications. Its only cardiovascular risk
factor was the âge. This group was used to déterminé the FDG uptake in an elderly
group that had no signs of inflammation. This group represented the lowest level of
vascular inflammation. In overall, these subjects had no significant changes in the
clinical and biochemical parameters through the 12 months of study. After obtaining the
SUV values from the FDG-PET images for the non-calcified arteries of these group, we
observed a significant increase in SUV values (P=0.046) within the 12 months of
follow-up. In other words, the FDG-PET was able to detect the increase in the level of
arterial inflammation through time. This resuit is in complété agreement with Bural et al.
who established that the prevalence and intensity of FDG uptake in large arteries
generally increases with âge (Bural et al., 2008). Certainly, the FDG-PET can detect the
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arterial inflammatory process before any clinical symptoms and structural changes occur
within the atherosclerotic process.
The hypercholesterolemic group made possible the follow-up of the changes in
the level of arterial inflammation after the use of statins. This group had high levels of
total cholestérol and LDL identified at the time of recruitment of the study. They had no
physical signs of atherosclerosis and were not consuming any type of prescribed and
non-prescribed médications. They had two cardiovascular risk factors the âge and high
lipid levels. A dose of 20 mgs/day of rosuvastatin was prescribed to this group for a
period of 12 months. This group had no significant changes in the clinical parameters
measured during the duration of the study. After the 12 months of constant and verified
consomption of the médication there was a significant decrease in the total eholesterol
and LDL levels (P=0.0010; P=0.0007, respectively). This resuit is in total concordance
to the conclusions formulated by the Stellar study, which established rosuvastatin as the
most effective statin in lowering total cholestérol and LDL levels (Jones et al, 2003).
For this group, the SUV values remained unchanged through the period of the study.
The Jupiter study suggests the molecule of rosuvastatin not only has a direct effect in the
cholestérol synthesis by the liver but it may bave other pleiotropic effects (Ridker et al.,
2001). These pleiotropic effects may involve improving endothelial fonction, enhancing
the stability of atherosclerotic plaques, decreasing oxidative stress and inflammation,
and inhibiting the thrombogenic response (Ridker et al., 2001). That is, this molecule
might have anti-inflammatory properties. This group had only one médical intervention
during the study, the consomption of rosuvastatin for the 12 months. Consequently, we
can assume the unchanged levels of SUV suggest, the anti-inflammatory effects of
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rosuvastatin, may have been implicated in the unaltered levels of arterial inflammation
for this group. These results establish evidence for the anti-inflammatory effects of
rosuvastatin. The Jupiter study bas been the only study involving the possible anti-
inflammatory effects of rosuvastatin (Ridker et al., 2001). However, these effects were
measured through the changes of CRP values in normolipemic patients (Ridker et al.,
2001). CRP is an inflammatory biomarker which measures systemic inflammation. Its
rôle in atherosclerosis is still controversial. Worthwhile, the SUV values obtained from
the FDG-PET images can suggest the anti-inflammatory effects of rosuvastatin in an
anatomical and measurable approach. The SUV offers quantitative information about the
severity of the inflammatory process in the arterial wall (Chen et al., 2009). However,
more investigations should be made before any type of conclusion.
The third group helped in the comparison of the FDG uptake in a pathological
state and that of a healthy state. These group included subjects with a confirmed
cardiovascular disease and history of arterial structural modifications. These subjects
had a previous diagnosed and treated stable angina (< 6 months) with history of two
différent stent placements as a conséquence of coronary stenosis. These patients
followed their former treatment that mainly consisted of beta-blockers, antihypertensive,
statins and antiaggregant drugs. There was no significant evidence of SUV incrément in
this group throughout the 12 months of study. These subjects consumed various types of
médications that may have influenced these results. However, these data supports our
assumption that the FDG-PET imaging was able to detect, measure and follow-up the
natural progress of vascular inflammation in the atherosclerotic process in the healthy
group before any evidence of médical symptoms and arterial anatomical changes.
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However, more studies should be made to confirm these results. Those studies
should include a greater number of participants and an alternative quantitative analysis
besides that of the SUV measurements. Also, comparisons between TO and T12
measurements for the same artery segments in the same patient should be measured.
7. CONCLUSIONS
Throughout time, instead of preventing, doctors have frequently been limited to
identify atherosclerosis symptomatic plaques or diagnose cardiovascular events.
Clinicians are accustomed to identify symptoms, treat and fix thrombotic artery
occlusions after the plaque rupture or érosion has occurred. Instead, prompt
identification of patients at risk for plaque rupture should be the priority goal.
Nowadays, researchers are focusing in the détection of atherosclerosis initial stages.
Inflammatory biomarkers are still an important part of atherosclerosis screening but
new, non-invasive imaging methods are breaking through. Although traditional imaging
is based on the détection of changes in the anatomy and physiological features, such as
blood flow or contractile function, molecular imaging aims at visualization and
measurement of biological processes at the molecular and cellular levels. Molecular
imaging is seen as a potentially attractive clinieal tool to provide early diagnosis and
individual risk assessment. In particular, the use of the FDG-PET molecular imaging.
Taking ail these in account, this study used this technique to déterminé early
inflammatory plaques in the elderly. In addition, the FDG-PET was able to detect the
increase in the level of arterial inflammation through the 12 month of study. Underlining
the importance of developing more effective stratégies not only to reduce the incidence
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of cardiovascular events, but also to facilitate the early diagnosis and avoid the
conséquences in this vulnérable population.
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9. APPENDIX
The documents included in this section are the following:
- Formulaire d'information de consentement
- Certificat d'éthique en matière de recherche sur des humaines
FORMULAIRE D'INFORMATION ET DE CONSENTEMENT
Titre du projet de recherche
Caractérisation par la TEP de l'inflammation artérielle associée à l'inflamm-aging
(Utilisation de la tomographie par émission de positron [TEP] pour mesurer
l'inflammation au niveau des artères)
Chercheur responsable du projet de recherche
Chercheur principal :
Abdel Khalil, chercheur, Centre de recherche sur le vieillissement, CSSS-IUGS
Co-chercheurs :
Tamas Ftilôp, MD, Centre de recherche sur le vieillissement, CSSS-IUGS
M'Hamed Bentourkia, chercheur. Centre de recherche clinique (CRC-CHUS)
Nancy Paquet, MD, chercheure. Centre d'imagerie médicale de Sherbrooke (CIMS-
CHUS)
Éric Turcotte, MD, chercheur. Centre d'imagerie médicale de Sherbrooke (CIMS-
CHUS)
Organisme subventionnaire
Instituts de recherche en santé du Canada
Préambule
Nous sollicitons votre participation à un projet de recherche. Cependant, avant
d'accepter de participer à ce projet et de signer ce formulaire d'information et de
consentement, veuillez prendre le temps de lire, de comprendre et de considérer
attentivement les renseignements qui suivent.
Ce formulaire peut contenir des mots que vous ne comprenez pas. Nous vous invitons à
poser toutes les questions que vous jugerez utiles au chercheur responsable du projet ou
aux autres membres du personnel affecté au projet de recherche et à leur demander de
vous expliquer tout mot ou renseignement qui n'est pas clair.
Nature et objectifs du projet de recherche
Cette recherche vise à vérifier l'utilisation de la méthode d'imagerie TEP pour évaluer le
niveau d'inflammation artérielle associée à l'âge. Plus précisément, la recherche visera
à évaluer le risque de formation de caillot sanguin au niveau des artères.
Ce projet se déroulera sur une période de 12 mois et 15 hommes et femmes âgé(e)s de
65 à 85 ans seront recrutés. Ainsi, trois groupes de sujets seront évalués :
5 personnes en bonne santé (Groupe 1)
-  5 persormes avec hypercholestérolémie et un niveau élevé d'inflammation
(Groupe 2)
-  5 personnes souffrant d'angine de poitrine (Groupe 3)
Déroulement du projet de recherche
Votre participation à ce projet de recherche sera la suivante :
1) Dans le but de vérifier votre admissibilité à participer à notre étude, ime
infirmière vérifiera votre poids, mesurera votre tension artérielle et procédera à
une prise de sang de 40 ml faite au creux de votre bras. Il est donc possible que
vous ne soyez pas retenu(e) pour ce projet suite aux analyses de cette première
prise de sang.
De plus, afin de vérifier votre éligibilité à passer l'examen TEP et l'état de vos artères,
vous devrez subir un examen aux rayonnements X et éventuellement un CT scan (non
diagnostique) à très faible dose sur la région pelvienne pour la détermination de la
calcification artérielle. Ce dernier examen sera effectué uniquement si on détecte une
calcification de vos artères lors de l'examen aux rayons X de l'abdomen.
La durée prévue pour cette première visite est de 45 minutes et se fera au Centre de
recherche sur le vieillissement - Pavillon Argyll du CSSS-IUGS.
Il est très important, pour l'étude, que nous connaissions tous vos problèmes médicaux,
de même que tous les médicaments que vous avez pris durant les six (6) derniers mois
(médicaments prescrits par votre médecin).
Advenant des résultats anormaux de cette prise de sang, nous enverrons, avec votre
consentement, les résultats à votre médecin de famille.
Les personnes présentant une hypercholestérolémie associée à un niveau élevé
d'inflammation (CRP > 3 mg/ml) seront invitées à refaire deux prises de sang
additionnelles (5 ml de sang à chaque fois/semaine) afin de confirmer les niveaux de
CRP élevé avant de les inclure dans l'un des groupes de notre étude.
À l'exception de la première visite, tous les prélèvements auront lieu au Pavillon
D'Youville du Centre de recherche sur le vieillissement, le matin vers 8 h 00. Nous vous
demanderons d'être à jeun depuis 12 heures. Un petit déjeuner vous sera offert après
chaque prise de sang.
Un calendrier précisant les dates de prises de sang et des mesures TEP vous sera remis
suite à cette première visite.
2) Si les analyses sont concluantes et que vous êtes admissible, vous serez invité(e)
à recevoir une mesure TEP. La mesure TEP consiste en l'injection par voie
veineuse d'un sucre marqué (18F-FDG). L'infirmière effectuera trois
prélèvements sanguins de 1 ml chacun afin de vérifier la distribution du sucre
marqué dans votre organisme.
Il y aura deux mesures TEP, la première au recrutement et la seconde après 12
mois.
Vous devez prévoir une durée de 3 heures pour la mesure TEP, pour laquelle vous
devrez être à ieun 12 heures avant Pexamen. Si vous prenez des médicaments de
manière usuelle, vous pourrez les prendre le matin de l'examen, avec de l'eau
seulement, et ce 1 heure avant le début de l'examen.
Les mesures TEP seront effectuées au Centre d'imagerie médicale de Sherbrooke du
CHUS. Vous devrez rester en position couchée. Une infirmière installera un cathéter
intraveineux pour l'administration du marqueur et un autre cathéter au niveau du bras
opposé pour les trois prélèvements sanguins. Vous serez constamment sous observation
et vous pourrez communiquer avec l'infirmière tout au long de l'examen.
Si vous le souhaitez, vous pourrez être accompagné(e) pour les prises de sang et pour la
mesure TEP.
3) Les personnes présentant une hypercholestérolémie associée à un niveau élevé
d'inflammation qui auront été inclues dans l'étude devront suivre un traitement avec un
hypocholestérolémiant (Rosuvastatine).
Ce médicament vous sera prescrit par le médecin de l'étude, Dr Fiilôp et vous sera remis
sur une base mensuelle, sous forme de comprimés. Nous vous demanderons de venir au
Centre de recherche sur le vieillissement chercher, à chaque fin de mois, les
médicaments pour une période de 1 mois, et nous ramener les comprimés non utilisés.
Collaboration du sujet au projet de recherche
Nous vous demanderons de :
-  Ne pas manger ou boire (sauf de l'eau) 12 heures avant les prises de sang
Ne pas prendre de supplément vitaminique pendant toute la dmée de l'étude
-  Ne pas fumer pendant toute la durée de l'étude
Avantages
Si vous acceptez de participer à cette étude, vous ne retirerez aucun bénéfice direct, si ce
n'est qu'un examen du bilan lipidique vous sera fourni (LDL, HDL, triglycérides). Par
contre, les connaissances acquises pourront peut-être permettre, ultérieurement, la
prévention des maladies cardio-vasculaires.
Risques associés au projet de recherche
Les prélèvements sanguins pourraient engendrer un certain inconfort (mineur dans la
majorité des cas) pendant l'insertion du cathéter. Une contusion (un bleu) peut aussi
apparaître à l'endroit de l'insertion du cathéter. La contusion disparaît généralement
dans les jours suivants.
Risques liés à la mesure TEP : Les risques reliés à la mesure TE? sont attribuables aux
radiations ionisantes dont l'effet nocif est relié à la dose. Aux doses utilisées
cliniquement, la radioactivité absorbée par les sujets humains est comparable à celle de
plusieurs autres examens diagnostiques couramment utilisés chez la population adulte et
pédiatrique, tels que la scintigraphie osseuse et la tomodensitométrie abdominale. La
dosimétrie effective reçue par im sujet pour l'ensemble de l'imagerie sera donc aux
environs de 16.2 mSv.
Le '^F-FDG est utilisé depuis 30 ans comme radiotraceur pour l'imagerie TFP. Aucun
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effet indésirable ou aucune réaction allergique au F-FDG n'a été rapportée et ce
radiotraceur a été récemment accepté par Santé Canada pour l'usage clinique.
Nous vous demandons de ne participer, au cours des 12 prochains mois, à aucun autre
projet de recherche nécessitant l'utilisation de la radioactivité, et ce, afin que vous ne
dépassiez pas la dose de radioactivité permise annuellement par Santé-Canada.
Risques liés à la prise de rosuvastatine : Les effets secondaires reliés à la prise de la
rosuvastatine sont les mêmes que ceux associés aux autres statines
(hypocholestérolémiants) à savoir : douleurs musculaires, constipation, diarrhée,
dyspepsie (aigreur dans l'estomac), flatulence, maux de tête et insomnie.
Participation volontaire et possibilité de retrait
Il est entendu que votre participation au présent projet de recherche est tout à fait
volontaire et que vous restez, à tout moment, libre de mettre fin à votre participation,
pour quelque raison que ce soit, sans avoir à motiver votre décision, ni à subir de
préjudice de quelque nature que ce soit.
Si vous désirez mettre un terme à votre participation avant la fin de l'étude, vous devrez
cependant aviser au préalable un membre de l'équipe de recherche.
Si vous faites partie du groupe de personnes prenant la rosuvastatine (Groupe 2), vous
devrez ramener au Centre de recherche sur le vieillissement les comprimés non utilisés.
Notez que le chercheur responsable du projet de recherche, le comité d'éthique de la
recherche du CSSS-IUGS ou l'organisme subventionnaire peuvent mettre fin à votre
participation, sans votre consentement, si de nouvelles découvertes ou informations
indiquent que votre participation au projet n'est plus dans votre intérêt, ou encore si vous
ne respectez pas les consignes du projet de recherche, ou enfin s'il existe des raisons
administratives d'abandonner le projet.
De plus, si vous vous retirez ou si vous êtes retiré(e) du projet, l'information déjà
obtenue dans le cadre de ce projet sera conservée aussi longtemps que nécessaire pour
assurer votre sécurité et aussi celles des autres sujets de recherche et rencontrer les
exigences réglementaires.
Enfin, toute nouvelle connaissance acquise durant le déroulement du projet qui pourrait
affecter votre décision de continuer d'y participer vous sera communiquée sans délai
verbalement, et par écrit.
Confidentialité
Durant votre participation à ce projet de recherche, le chercheur responsable du projet
ainsi que son personnel recueilleront et consigneront dans un dossier de recherche les
renseignements vous concernant. Seuls les renseignements nécessaires à la borme
conduite du projet de recherche seront recueillis. Ces renseignements comprendront
votre nom, votre sexe, votre date de naissance, les informations concernant votre état de
santé passé et présent, vos habitudes de vie ainsi que les résultats de tous les tests,
examens et procédures que vous aurez à subir lors de ce projet de recherche.
Tous les renseignements recueillis demeureront strictement confidentiels dans les limites
prévues par la loi. Afin de préserver votre identité et la confidentialité des
renseignements, vous ne serez identifié(e) que par un numéro de code. La clé du code
reliant votre nom à votre dossier de recherche sera conservée par le chercheur
responsable.
Le chercheur responsable du projet utilisera les dormées de l'étude à des fins de
recherche dans le but de répondre aux objectifs scientifiques du projet décrits dans ce
formulaire d'information et de consentement.
À la fin du projet, vos données de recherche seront dénominalisées pour servir à d'autres
recherches liées à l'imagerie médicale et approuvées par le Comité d'éthique de la
recherche sur le vieillissement du CSSS-lUGS. Ces recherches pourraient impliquer
l'envoi de vos données de recherche à d'autres chercheurs, même à l'extérieur de notre
institution. Cependant, il sera impossible de vous identifier.
Les échantillons de sang seront néanmoins détruits après leur analyse.
Les données pourront être publiées dans des revues spécialisées ou faire l'objet de
discussions scientifiques, mais il ne sera pas possible de vous identifier.
À des fins de surveillance et de contrôle, votre dossier de recherche pourra être consulté
par une personne mandatée par le Comité d'éthique de la recherche du CSSS-IUGS ou
par l'établissement, ou encore par une personne nommée par un organisme autorisé.
Toutes ces personnes et ces organismes adhèrent à une politique de confidentialité.
À des fins de protection, notamment afin de pouvoir communiquer avec vous
rapidement, vos nom et prénom, vos coordonnées et la date de début et de fin de votre
participation au projet seront conservés pendant un an après la fin du projet dans un
répertoire à part maintenu par le chercheur responsable. Ce fichier sera par la suite
détruit.
Vous avez le droit de consulter votre dossier de recherche pour vérifier les
renseignements recueillis, et les faire rectifier au besoin, et ce, aussi longtemps que le
chercheur responsable du projet détient ces informations. Cependant, afin de préserver
l'intégrité scientifique du projet, vous pourriez n'avoir accès à certaines de ces
informations qu'une fois votre participation terminée.
Indemnisation en cas de préjudice et droits du sujet de recherche
Si vous deviez subir quelque préjudice que se soit dû à votre participation au projet de
recherche, vous recevrez tous les soins et services requis par votre état de santé, sans
frais de votre part.
En acceptant de participer à ce projet, vous ne renoncez à aucun de vos droits ni ne
libérez les chercheurs ou l'établissement de leur responsabilité civile et professionnelle.
Compensation
Un montant de 20 $ vous sera remis à chacun de vos déplacements en compensation des
frais encourus et des contraintes subies.
Identification des personnes-ressources
Si vous avez des questions concernant le projet de recherche ou si vous éprouvez un
problème que vous croyez relié à votre participation à ce projet, vous pouvez contacter :
Pr Abdel Khalii : (819) 829-7131 poste 45284
Mme Louise Rochon : (819) 780-2220 poste 46477
Pour toute question concernant vos droits en tant que sujet participant à ce projet de
recherche ou si vous avez des plaintes ou des commentaires à formuler, vous pouvez
communiquer avec le commissaire loeal aux plaintes et à la qualité des services du
CSSS-lUGS au numéro suivant : (819) 780-2222 poste 40204.
Surveillance des aspects éthiques du projet de recherche
Le Comité d'éthique de la recherche du CSSS-IUGS a approuvé ce projet de recherche
et en assure le suivi administratif annuel. De plus, il approuvera au préalable toute
révision et toute modification apportée au formulaire d'information et de consentement
et au protocole de recherche.
Consentement du sujet de recherche
J'ai pris connaissance du présent formulaire d'information et de consentement. Je
reconnais qu'on m'a expliqué le projet, qu'on a répondu à mes questions et qu'on m'a
laissé le temps voulu pour prendre une décision.
Je consens à participer à ce projet de recherche aux conditions qui y sont énoncées. Une
copie signée et datée du présent formulaire d'information et de consentement m'a été
remise.
Nom et signature du sujet de recherche Date
Études ultérieures
Il se peut que les résultats obtenus suite à cette étude donnent lieu à une autre recherche.
Dans cette éventualité, autorisez-vous le chercheur principal de ce projet à vous
contacter et à vous demander si vous seriez intéressé(e) à participer à une nouvelle
recherche ?
Oui □ Non □
Autorisation de transmettre les résultats
Lors de ce projet de recherche, tout résultat anormal qui résulterait des tests et examens
que vous aurez à subir vous sera communiqué par l'entremise d'un médecin de votre
choix. Toutefois :
> Autorisez-vous le chercheur responsable de ce projet à informer votre médecin
traitant de votre participation à ce projet ?
Oui □ Non □
> Autorisez-vous le chercheur responsable de ce projet à transmettre à votre
médecin traitant les informations pertinentes si ces informations peuvent avoir
une utilité clinique :
Oui □ Non □
Nom et adresse du médecin traitant :
Signature de la personne qui a obtenu le eonsentement
J'ai expliqué au sujet de recherche les termes du présent formulaire d'information et de
consentement, et j'ai répondu aux questions qu'il m'a posées.
Nom et signature de la personne qui obtient le consentement Date
Engagement et signature du chercheur responsable du projet
Je certifie qu'on a expliqué au sujet de recherche les termes du présent formulaire
d'information et de consentement, que l'on a répondu aux questions que le sujet de
recherche avait à cet égard et qu'on lui a clairement indiqué qu'il demeure libre de
mettre un terme à sa participation, et ce, sans préjudice.
Je m'engage avec l'équipe de recherche à respecter ce qui a été convenu au formulaire
d'information et de consentement et à en remettre une copie signée au sujet de
recherche.
Centre de santé et de services sociaux -
Institut universitaire de gériatrie de Sherbrooke
Heaith and Social Services Centre -
University Institute of Gerlatrics of Sherbrooke
CERTIFICAT D'ÉTHIQUE
EN MATIÈRE DE RECHERCHE SUR DES HUMAINS
Le Comité d'éthique de la recherche sur le vieillissement du Centre de santé et de services sociaux - Institut
universitaire de gériatrie de Sherbrooke atteste qu'il a évalué le projet de recherche ci-dessous nommé et
qu'il l'a jugé acceptable au point de vue éthique et scientifique.
Titre du projet de recherche
Caractérisation parla TEP de l'inflammation artérielle associée à l'inflamm-aging
Présenté par :
•  Abdel Khalil, Ph.D., Centre de recherche sur le vieillissement, CSSS-lUGS
Le numéro de dossier attribué à ce projet par le CÉR est le 2009-19
v L'approbation éthique de ce projet de recherche est valide jusqu'au 31 octobre 2010.
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Docteur Abdeiouahed Khalil, Ph.D.
Centre de recherche sur le vieillissement
Objet : Accès aux dossiers, projet «Caractérisation par la TEP de l'inflammation
artérielle associée à l'Inflamm-aging»
Monsieur,
Par la présente, je vous autorise à consulter les dossiers des patients ciblés par ce
projet qui ont été vus à la clinique externe et hospitalisés à rUCDG.
Cette autorisation est également valable pour Annie Lefebvre et Odette Baril et est
valide jusqu'au 30 janvier 2011.
Il est important d'avoir en votre possession cette autorisation lors de vos contacts
éventuels avec le personnel des archives afin de faciliter les communications
d'information.
Veuillez agréer, Monsieur, l'expression de mes sentiments distingués.
Suzanne Gosselin, M.D.
Directrice des services professionnels et du partenariat médical
SG/cd
c.c. DrTamàsFûlôp
Jacques Thibault, responsable des cliniques externes et de l'UCDG
Jean-Martin Bourque, responsable des archives
Hôpital et centre 1036, rue Belvédère Sud Téléphone ; 819 780-2222
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Centre affilié SHERBROOKE
De: ees.cmig.0.1b97c6.933946dl@eesmail.elsevier.conn de la part de Computerized
Médical Imaging and Graphies [cmig@elsevier.com]
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À: Bentourkia, M'hamed
Objet: A manuscript number bas been assigned: CMIG-D-12-00209
Computerized Médical Imaging and Graphies
Ref: CMIG-D-12-00209
Title: Assessment of inflammation in large arteries with 18F-FDG-PET in elderly
Authors: Marlene Rossibel Montesino Orellana, MSc; M'hamed Bentourkia, PhD; Otman
Sarrhini, PhD; Tamas Fulop, MD; Nancy Paquet, MD; Éric Lavallée; Éric Turcotte, MD;
Abdelouahed Khalil, PhD Article Type: SI:
Computing and Visualization
Dear Dr M'hamed Bentourkia,
Your submission entitled "Assessment of inflammation in large arteries with 18F-FDG-PET in
elderly" has been assigned the following manuscript number: CMIG-D-12-00209.
You may check on the progress of your paper by logging on to the Elsevier Editorial System as an
author. The URL is http://ees.elsevier.com/cmig/.
If you would like to update your personal classifications or personal keywords please click in the
link below:http://ees.elsevier.com/cmig/l.asp?i=17668&l=0TZ9ZRY5
